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Research Objectives
Develop and apply MWCNTs to spacecraft instrument components an
realize art improvement of a factor of 10 in reflectance over current: i
treatments
Stage 1: tuning nanotube geometry on Si substrate to produce a IOx decrease
and bidirectional reflectance
Stage 2: improve adherence onto Si
Stage 3: demonstrate adherence and optical performance on nanotubes on:sp;
instrument materials (e.g. Ti)
This is not the first study of the optical properties of MWCNTs:
— W.A. deHeer, at al., "Aligned C Nanotube Films: Production and Optical and Elf
Properties," Science, 268, 845-847 (1995)
F.J. Garcia-Vidal, at al., 'Effective Medium Theory of the Optical Properties of
C Nanotubes," Phys. Rev. Left., 78, 4289-4292 (1997)
Z_P. Yang et al., "Experimental Observation of an Extremely Dark Material Mde,Low Density Nanotube Array," Nanoletters, 8, 446451 (2008)
X.J. Wangg, at al., `Visible and Near-Infrared Radiative Properties of Vertically73i
Multi-walled C Nanotubes," Nanotechnology, 20, 215704 (9 pp.) (2009).
We hope to perform the necessary engineering to make MWNCTs
Sufficiently robust to be used in spacecraft instrument stray scattered 1.
control applications while maintaining optical performance over thelY.
shortwave it wavelength region
'Optical performance is monitored usingg 8° hemispherical reflectance and bidkal
rafleotaiee distribution functidn (BRDF) measurements
MWCNT 500 nm BRDF at Normal
I cidence Si C Nanotubes
-Si C nanptilbii'
o_oz lowest BRtF`aiues	 nTi C Nanotubes Incidence for 5tX^ and ^^^;
0015'~_
	
_..	 _.. IlluminationEnhanced
°^	 I Adhesion Simg Nanotubes—
Aeroglaze Z306	 -4 to 1 Ox darker than.,Z806 popt
-2 to 4x darker than!^;'^
,Rippey UlYrappl	 applique
IV
-90 -75 -60 -45 -34 -15 	 0	 15	 30	 45	 60	 75	 40
irarng angte, deg
MWCNT 900nm BRDF at Normal0.025
Enhanced adhesion Si	 Incidence
lti4bes exhibited BRDF 	 002	 --	 -	 - Si C
"O	 Comparable to Nanotubes
^l
­111 C
5?0nm and 8 to 4x Nanotubeso.0 Dig:	 _	
--Aerogtaze
2308
0.005
_.^...Rippey	 j
hbt 6es exhibited Ultrapol IV
b
	
Ate`'ju	 with a -sO -75 -60 -45 -30 -15	 0	 15	 30	 45	 60	 75	 90
-	 -
^',trnr	 on
Vi—ng angle, deg
t^rement of Bidirectional Ref
Distribution Function (BRD'
§ zs P
a P
R
X
, r
Y.
-BRDF:
w
d4t0,C8.4'6
:n dE,	 Mfr.	 ^P cOS!^
Y -initial measurements of SRPF
yr in-plane
500 nm and 900nm
.^ -00 and 450 i cdent".,
• 800, to -80 scattee
In ConclusionMWCNT 500nm BRDF at 45 0 Incidence0.16 33'
094_ -----
-Si C nanotubesexlki i
0,2-	 _--	 -	 -	 __	
- ._...Sic Significant specu(ar;^et a
6 ,r Nariotutres peak	 <.
0 —Aeroglazez306
-This peak was soar e
	
:.o	 - --
..,,....,Rippey
50Qnm0.04	
-	
..
Ultrapol IV
and wider at 900nrn arsd
	 <^ ',
U2
exceeded
the 2306 specular peak
-90	 75 -60 -45 -30 -95	 0	 95	 30	 45	 60	 75	 90
V.wing _gke, "g
MWCNT 900nm BRDF at 45 0 Incidence
o t6
) C nanotubes exhibited	 014
i^' e^9 gligibleretroreflection at	 01 a. e
'Y	 al
	
0'I.-_---.	 ..._ __...	 ___	 .-_._ Nanotub s
,.	 ". _Aerogiaze
Et non-specular angles, Si 	 O o : _
. Ultrapol IV
notes exhibited lower	 0.02 ,	 -- -	 -^-----
Z3SWVa:and UQtrapol IV	 -90 -75 -50 -45 -30 -15 0	 95	 30	 45	 60	 75	 90
Wing an91e, deg
lthat is currently the "blackest ever 0141
n BBC News: February 6, 2003	 In Reuters: January 15,
Blacker is the new black (NiP)
British . ssientists say they have produced the New material pushes the bou
Wackest ever" surface developed so far. CHICAGO ( erue Jan
an
15,the industrial coating for telescopes is one of CHICAGO (Reuters)	
r e (
the darkest and least reflective surfaces on 	 ] - U.S.. thi
Earth	 an Tuesday they have made thi
Ea rniriimising the scatter of stray light, it could material on Earth, a substance
reprove the vision of telescopes, from
	
a reen
amateur instruments to the mighty Hubble.
	
Made from tiny tubes
	
carbon
absorbs more than 99.9 c
It. reflects 10 to 20 times less light than 	 end , this material	 almost 30 t
current coatings and has a number of
	 National Institute of Standards i
than a carbon substance usedI
ap	 ns in astronomy, such as on star	 Technology as the current bentfirst nrhich help spacecraft navigate.
	 bEadcness.
"It's a very interesting surface to
look at because its so black."
Dr Richard Brown, NPL
